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A flow model has been developed for analyzing multistage turbomachlnery

flows. This model, referred to as the "average passage" flow model, describes
the tlme-averaged flow field wlth a typical passage of a blade row embedded

within a multistage configuration. The presentation summarizing the work done

to date, based on thls flow model, will be in two parts. The first part of the

talk will address formulation, computer resource requirement, and supporting

empirical modeling, and the second part wlll address code development wlth an
emphasis on multitasking and storage. The presentation wlll conclude with

illustrations from simulations of the space shuttle maln engine (SSME) fuel
turbine performed to date.
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PREMISE OBSERVATION

0 HIGH SPEED MULTI- STAGETURBOMACHINERYFLOWS
HAVETOO MANYLENGTHAND TIME SCALESTO
BE AMENABLETO DIRECTNUMERICALSIMULATION
EVEN ON TODAY'SMOSTADVANCEDCOMPUTERS

MODELSOF MULTI- STAGEFLOWSWl41CHGIVE AN
"AVERAGED"DESCRIPTIONOF THE FLOWWITHIN
TURBOMACHINERYPROVIDEUSEFUl_INFORMATION

Figure 2.

MOSTMODELS CURRENTLYUSED TO ANALYZE

MULTI- SI-ACI: [LOWS ARE BASED ON AN AXI-

SYMMEIRIC REPRESENTATIONOF IHE FLOW

WITHINI lIESE MACHINES

Figure 3.

QUESTION CONSTRAINT

GIVEN TODAY'SCOMPUTERRESOURCESAND

HIGH RESPONSEINSTRUMENTATION,IS IT TIME

TO DEVELOPEMODELSWHICHPROVIDEA HIGHER

DEGREEOF RESOLUTIONOF MULTI- STAGEFLOWS

THAN TODAY'SAXISYMMETRICMODELS?

Figure 4.

PROPOSEDMODELMUST BE COMPATIBLEWITH
THE AVAILABI.ECOMPUTERRESOURCESAND
INS]-RUMENrArlONLIMITS

PROPOSEDMODELMUST HAVE A RATIONAL
BASIS

Figure 5.
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TURBOMACHINERY MODELING EQUATIONS

(REYNOLDS
AVERAGEDEQNS.)

IENSEMBLE 1AVERAGEDEQNS.

DETERMINISTIC
FLOWFIELD

ITIME ]AVERAGEDEQNS.

• TIME
AVERAGED
FLOW
FIELD

(TYPICAL BLADE
PASSAGEFLOWFI[LD)

I AVERAGE-
PASSAGEEQNS.I

BLADE-TO-BLADE
PERIODIC
FLOW
FIELD

IcmcUMFERENnALI
AVE,AGEDE_Ns.j

• AXlSYMMETRIC
FLOWFIELD IQuAsI I

[1-D EQNS.I

F_gure 6.

THREE-DIMENSIONALCELL-CENTEREDFINITEVOLUME
FLOWSOLVER

&OAMg_YK'$A_RAGI_-PASSAGEEQUATIONSYSIEM

(dAu,/dt) + L(_u) +'f_.dVot = I__dVol

:_ - (# , p% ,TO%, , pv, , pe o )

L(X_)- [(__, * x_c.-,__,,,xg___,)

r
;__dVol body force's, er_rg!t sources, r_ornentur_ and ener91 p

temporal correlations associated urLth neighbo_ng

blade ro_ (clos'u.reterm)

f _'dVot = term due to coordinate sllstemcylin.d_calSOI_TCe

FORROTATINGSYSTEMS

(ax__/at)l_bs- (dZ_/at)l_el - n(ext_,/do)lrel
r

L(A.'u,) -/(__,,oM r + X(G - rfl_u)-ob4#+ _J_*d-4a )

Figure 7.

16



ORIGINAL PAGE ;_

OF POOR QUALITY

4- Cog, t,E L_T _0_ $

Figure 8.

CLOSURESTRATEGY

FIELDEQUATION

Figure 9.

f S(Od V 0

f S(qd V 0

_._._--..--..__._

Source Term

CLOSURE STRATEGY

BLADEROW(I)

7"(d2) + [ s%_ v - o
J

BLADEROW( 2 )

T(_¢') + r s_')_v " o
J

WHERE

6| (=)
S I'L(=l= S ' (Body Force, E_ergy STC, Velocity Cot., Energy Cot.)

Figure I0.

17



_Co J

= _ (z)s _'_ S(') (._,.,)

= 0)\S(_ ) S c_) ( ,_.__)

LET A .... >

THEN

AL (c,,,) +

A L (_(_>) +

AXISYMMETRICAVERAGINGOPERATOR

I • (z)"u,,,.L) A d V = 0

Figure II.
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AI. (.,,.',',') E')(A.._,'_),-

Lta_)( A ('h1Za ) +

,5,(z) ( O)_1._ ) A d V

O)_S"('_ ( IL,, ) A d V

So)((,) f,, 0/, ._,
_L,_ )AdV ' S (_z_)AdV = 0

'S'_'_( _'_ I_o.,)A_v, s'_(d_")A,zv o

upo.CO,V_ROE.<

A,,2o A,,21

Figure 12.

MODULARCODECONSTRUCTION

INPUT I

CCELE TOE

Figure 13.
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AVERAGE-PASSAGEEQUATIONSYSTEM

I CLOSURE II EOUA_ONS

CONTINUITY
AXIAL/R_IALUOMENTA

ANGU_MOMENllJU
ENERGY

I OUTPUT ]

COIt#EIIGB_(ZIEST:U gOl_ Of BIEOII[I_JIC[BEIg_EN

uE A,_S_Ut.,IC A_ or 'IXE'nUE-A_d_G[I) _

VkRIABL.ES_i [ACi4_ 13OI_ n4A/_SOUI__Ci:

Figure 14.

MULTITASKINGOF MULllSTAGE

3-D FLOWFIELD CALCULAIIOI,I

f

CZD

@°'

CPLII ..... rlRSI IithW.. ll(},'l

+,/_ CPLI2 ..... SECOIII)III_I>Ell(l_/

_ CPU 3 ...... IIIIRDtII.A()[IIO':l

CPU II ..... lllh DIAIJEflU':!

Figure 15.
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EVOLUTION OF THE TOTAL TEMPERATURE 
FIELD WITHIN THE S.S.M.E. FUEL TURBINE 

I 
1st VANE 

MID PASSAGE 
2nd VANE 

MID PASSAGE 

1st ROTOR 
MID PASSAGE 

2nd ROTOR 
MID PASSAGE 

SIMULATION PERFORMED ON LEWIS CRAY XMP 24 

Figure 16. 
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